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ABSTRACT 
The Coopera~ive State Agencies (CSA) program is a continuing 
activity of the Virginia State Water Control Board and the Virginia 
Institute of Marine Science, devoted to the development of water 
quality predictive tools, and to the monitoring of water quality in 
the Virginia tidal waters. This report summarizes the field survey 
.of water quality and the development of a mathematical model for the 
Piankatank River, which is a tributary estuary of the Chesapeake Bay. 
An intensive water quality field survey was conducted in 
July 1975. An additional dye study was conducted in October 1975. 
The hydrographic and water quality data, combined with measured bathy-
metric profiles, were used to construct and calibrate a one-dimensional, 
time-dependent mathematical water quality model. The model simulates 
the distribution of dissolved oxygen, biochemical oxygen demand (both 
NBOD and CBOD) and sa li.n ity. 
vi 
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1. SUMMARY AND CONCLUSIONS 
(1) The drainage basin of the Piankatank River is generally 
a rural area and almost free from the pollution of co~nercial and 
industrial wastes. The economy of the basin is mainly supported 
by the agricultural and fishing activities. The climate of the basin 
is classified as humid and subtropical. 
{2) An intensive survey was carried out on July 9 and 10, 
1975. Time· series data on salinity, temperature, dissolved oxygen 
{DO), biochemical oxygen demand (BOD), nitrogen components (TKN, 
ammonia, nitrate and nitrite), phosphorus, chlorophyll •a•, total 
coliform and fecal coliform were collected at the.surface and bottom 
at six anchor stations. During the same period, two slack-water runs 
were made, collecting the same kinds of water quality data. Before 
this period, one additional slack-water run had been made on June 10, 
1975. An observation of the benthic oxygen demand was conducted on 
June 26, 1975. 
{3) A batch dye release was made on October 14, 1975 and 
dye concentration was monitored by slack-water runs made over the next 
several days, until October 20. 
{4) Tidal action in the Piankatank River is strorig, with 
the amplitude of tidal currents exceeding 1.0 ft/sec (30.5 em/sec) at 
some locations. 
(5) . The protrusion of Stove Point Neck into the center 
of the river has an interesting effect on the hydrodynamic field and 
2 
the mixing processes, which in turn affects the dispersion and flushing 
of the pollutants, however, the exact nature of this role requires 
further study. 
(6) A mathematical model of water quality in the Piankatank 
River was constructed and calibrated. This model is a real time model, 
including tidal motion, with time-integration carried out by an implicit 
. . 
.scheme. The variables modeled are salinity, dissolved oxygen, and both 
nitrogenous and carbonaceous biochemical oxygen demand. 
{7) According to the data collected for this study, the 
vertical salinity distribution is classified as a partially mixed 
condition, the (depth and time) average salinity varying smoothly 
from 14 ppt at river mouth to 10 ppt at Freeport, about 15 miles (24.2 
kilometer~) upstream. The average CBOD and NBOD in the entire river are 
about 2.5 and 2.0 mg/£ respectively. The surface DO distribution varies 
approximately from 8 mg/£ at river mouth to 6.2 mg/£ at Freeport. The 
vertical distribution of the DO on the other hand indicates a significant 
benthic DO demand. The critical DO was observed to be equal or less 
than 3 mg/£ on the bottom of the river along the river upstream from the 
Stove Point Neck. Near the Stove Point Neck the average DO exhibits a 
rapid change from 7 mg/£ downstream to 5.5 mg/£ ups~ream. 
{8) It should be noted that the water qualities in this 
study are based on the intensive survey carried out in summer 1975, how-
ever, in winter time the water quality may be quite different. For 
example the salinity distribution might become strongly stratified as 
recorded by Burnett (1966). 
3 
2. INTRODUCTION 
The Cooperative State Agencies (CSA) program is a continuing 
joint project of the Virginia State Water Control Board (SWCB) and the 
Virginia Institute of Marine Science (VIMS) engaged in water quality 
modeling of Virginia estuaries. This study is concentrated on the 
Piankatank River (Figs. 2.1 and 2.2). 
The entire basin of the Piankatank River is generally a 
rural area supporting a prosperous agricultural and fishing economy. 
It is almost free from the pollution of commercial and industrial wastes. 
The major point sources of wastes are from the Rappahannock Community 
College at Glenns, which discharges less than 4.5 kg (10 lbs) per day of 
BOD into Dragon Run, and the Islander Motel and two campgrounds on G'.'Jynn • s 
Island plus another two campgrounds near Cash and Saluda, which use 
septic systems. These waste sources are only small amounts and are 
believed to have little effect on the v!ater quality of the river and 
were ignored in the model study. The non-point source of agricultural 
and natural runoff is the significant source of pollutants as compared to 
point sources. It seems that under present circumstances, except on the 
bottom of the river upstream from the Stove Point Neck, where DO may fall 
below 3 mg/t, there poses no immediate water quality problem in the 
Piankatank River. This modeling study should be helpful to evaluate the 
consequences of any future development of this area. 
An intensive field survey of water quality was conducted on 
July 9 & 10, 1975. The concentrations of salinity, dissolved oxygen, 
carbonaceous biochemical oxyg~n demand and nitrogen components (TKN, 
ammonia, nitrate & nitrite), phosphorus, chlorophyll •a•, total coliform 
9 
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and fecal coliform were sampled at 6 stations (Fig. 4.1) during the 
period. The bathymetric profiles of the transects of the 11 stations 
were measured on July l, 1975. 
A field observation of the benthic DO demand was conducted 
at two locations (PI2 and PI6, see Fig. 4.1) on June 26, 1975 and a 
field study of dye was conducted at the same 11 transects on slack 
tide on October 14-17 and 20, 1975. 
This report summqrizes the observational field work utilized 
in construction and verification of the model and the results of the 
model study. The mathematic numerical model employed is a one-
dimensional, real-time model with parameters including dissolved oxygen, 
salinity and carbonaceous and nitrogenous biochemical oxygen demand. 
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3. DESCRIPTION OF STUDY AREA 
The porti6n of Tidewater Virginia between the York and 
Rappahannock Rivers is referred to as the "middle peninsula". It 
is generally a rural area, except for the creeping suburbia in the 
vicinity of Gloucester Point. Besides forest and farmland, a large 
portion of the watershed is wetlands. The Piankatank River is a 
.relatively small tidal estuary in the middle of this area (see Fig. 
2.1). It is bordered on the south by Gloucester and Mathews Counties 
and on the north by Middlesex County. The upstream limit of its 
drainage basin is severely circumscribed by the basins of the York 
and Rappahannock, so that its total drainage area is only 180 square 
miles (466 km2), compared to the 2800 square miles (7252 km2) of the 
Rappahannock. The Piankatank River flows directly into Chesapeake Bay. 
Local employment is provided by fishing in the adjacent 
waters and by agriculture. Most farming in the area consists of raising 
corn ~nd soybeans, but some specialty crops, such as strawberries and 
daffodils, are grown. The fishing consists of catching and processing 
finfish and shellfish. Many farms operate on a pa~t-time basis. Other-
than-local employment is provided by industry and government installations 
in the Hampton Roads area. The area also attracts summer tourist. 
Figures are not available by drainage basin, but the planning district 
containing Mathews, Middlesex and Gloucester counties contains about 
3400 campsites. 
The population of the drainage basin is stable. The popu-
lations of Mathews and Middlesex Counties have not changed substantially 
in over ten years, nor are they expected to change substantially for 
8 
some time to come. Although Gloucester County has grown in population, 
this growth has taken place south of Gloucester Court House and not in 
the Piankatank watershed. 
Climatologically, the area is humid-subtropical with some 
maritime influence. Normal total annual precipitation is forty-six 
inches (117 em). Precipitation occurs in the form of frontal storms 
during most of the year but as thunderstorms in the summer. Additionally, 
tropical storms sometimes strike the area. Snowfall averages ten 
inches (25 em) per year, but some years have seen much less than this 
amount. The mean daily minimum temperatures are 30°F (-1°C) and 69°F 
(20.5°C) for January and July, respectively. The corresponding maxima 
are 49°F (9°C) and 87°F (30.5°C) respectively._ 
The tidal wave propagates upstream, increasing slightly 
in amplitude as it progresses. At the mouth (see Fig. 2.2) off Gwynn's 
Island, the mean tide range is 1.2 ft. (0.37 m) while ten miles (sixteen 
~ilometers) upstream the range is 1.3 ft. (0.40 m). The maximum tidal 
current is only 0.4 ft/sec (0.12 m/sec) at mile five (eight km from the 
mouth), (U. S. Dept. of Commerce, l974a, 1974b). This point is upstream 
of Stove Point. Near the river mouth, the tidal current is much larger; 
about 1.0 ft/sec (0.30 m/sec), based on tidal prism calculations. 
Flood tide seems to propagate upstream faster than ebb tide (4.2 m/sec 
vs. 2.4 m/sec), indicating a predominance of duration of ebb compared 
to duration of flood. 
Geologically, the Piankatank is the drowned flood plain of a 
meandering river. The outlines of the estuary seem to have traces of 
. 
former oxbows, for example around Stove Point Neck (Fig. 2.2). 
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4. HYDROGRAPHIC SURVEY 
4.1 Field Survey 
In addition to one high water slack run on June 10, 1975, 
an intensive field hydrographic survey was conducted on July 9-10, 
1975 in the Piankatank River including six anchor stations and two 
slack water runs. The six anchor stations for sampling are shown in 
Fig. 4.1. 
On July 1, 1975 the bathymetric profiles of transects of 
the 11 sampling stations (see Fig. 4.1) were measured to provide 
geometrical data for the model. 
On July 9-10, 1975 the six anchor stations were occupied 
for sampling for a period of thirty-seven hours on two successive days. 
Salinity and temperature were measured and during the period samples 
were taken to determine dissolved oxygen, CBOO, nitrogen components 
(TKN, ammonia, nitrate and nitrite), phosphorus, chlorophyll •a •, 
total coliform and fecal coliform. These stations were also sampled 
on two slack water runs, one at high water and one at low water. On 
June 26, 1975 an observation of the benthic DO demand was conducted at 
two locations (PI2 and PI6, see Fig. 4.1). 
On October 14-17 and 20, 1975 a dye release and field study 
of dye were conducted. The dye release consisted of one barrel (31 gallons 
or 120 liters) of 20% solution Rhodamine WT, released at Creek Point, 
about 6.1 mile (9.8 kilometer) upstream from the river mouth, at high 
water slack on October 14. Dye concentration was sampled at 15 locations 
as shown in Figure 4.1 along the river. 
• Anchor Station 
Location of Transect 
~ Location for Dye Sampling 
76<>,30' 7"0, --· 
Figure 4.1. Locations of transects at which the bathymetric rrofiles was measured and the 
\·tater fjUality and dye data were sampled. 
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4.2 Instruments and Analyses 
Conductivity and temperature were measured using an Inter-
Ocean Model 513 CTD instrument. Salinity was calculated from con-
ductivity and temperature according to a regression formula based on 
laboratory calibration. Temperatures are accurate to O.l°C; salinity 
is accurate to 0.1 parts per thousand (ppt). Dye concentration was 
measured in the laboratory using a Turner Associates model 10-000 
fluorometer. Dye concentration is accurate to one percent of full 
scale or 0.05 parts per billion (ppb), whichever is greater. 
Dissolved oxygen concentration was determined in the 
laboratory by means of titration (Winkler method, Azide modification). 
The accuracy of this method is considered to be 0.1 milligrams per 
liter. 
A Raytheon model DE719 fathometer was used for bottom pro-
filing. The accuracy of the depth soundings is 0.5 feet (15 centimeters). 
4.3 ·Results and Discussion 
The water quality data were compiled, edited, keypunched 
and stored in the VIMS data file on a magnetic disk. The water quality 
data are summarized in Appendix B. 
The sets of salinity data (Appendix B) show a partially-mixed 
condition in the water column in the entire estuary, especially at 
station mile 3.30 (km 5.3) near the Stove Point Neck where the salinity 
is nearly homogeneous vertically and well mixed. Upstream from station 
at mile 3.3 the vertical stratification increases with distance from 
. 
river mouth. The estuary number, as defined by Harleman and Ippen (1967) 
(See Appendix A), of the Piankatank River, E0 ~ 5.6, indicates a partially 
13 
. mixed condition in the river. The well-mixed condition at station mile 
3.30 (km 5.3) is probably caused by the protrusion of the Stove Point 
Neck into the river which generates eddies and mixing as tide flow 
goes in and out. It is apparent that the turbulent energy for mixing 
of the saline and fresh water primarily comes from the tidal motion. 
The temporal variation of salinity also shows a strong tidal periodicity. 
The amplitude of tidal variation of salinity increases with distance 
from the river mouth, the range of variation being about 2.5 ppt at the 
most upstream station (mile 15.3, km 24.6). This indicates that 
tidal mixing is dominant throughout the estuary and that the estuary 
could range from a well-mixed type to a P?rtially mixed type depending 
on the seasonal variation of freshwater inflow (Cameron and Pritchard, 
1963). 
The sets of DO data show vertical difference and discernible 
temporal variation with respect to tidal motion and solar radiation. The 
tidal average DO near the surface decreases from approximately 8 mg/£ 
at river mouth to 6.2 mg/£ at Freeport (PI-6 on Fig. 4.1). On the 
bottom of the river the benthic DO demand is significant and the 
DO falls below 3 mg/£ upstream from the Stove Point Neck. The depth 
average DO was observed to have a sharp drop from 7 mg/£ at station mile 
3.3 (km 5.3) to 5 mg/£ at station mile 5.2 (km 8.4) upstream of the 
Stove Point Neck (Fig. 5.2) which again plays an important role in the 
water quality. The reason of the drop might be due to the septic system 
of the Islander Motel and three campgrounds on Gwynn's Island and near 
Cash. However the exact reason is not known. It is also noted that 
. 
nearly saturated DO occurred in the surface water in most reaches of 
14 
the river compared with lower DO in the bottom waters, during the 
time of field survey. Referring to the chlorophyll data (Appendix B), 
it is conclud~d that the photosynthesis and respiration of phytoplankton 
play a significant role in oxygen balance. A field observation of the 
benthic DO demand were 1.2 at PI6 and 2.0 and 1.3 gm/m2/day at PI2 
(see Fig. 4.1). 
Appendix C contains a graphical summary of the result of 
·the dye study. Before the qye release, the background fluorescence of 
the river water was measured corresponding to less than 0.1 ppb (parts 
per billion) of dye concentration (Fig. C.l). From the distribution of 
dye concentration along the river (Figs. C.l - C.4) it can be seen that 
some dye was flushed out of the Piankatank River the second day following 
dye release. The amounts of dye which remained in the Piankatank River 
on October 15, 16 and 17 were calculated from the longitudinal concen-
tration distribution shown in the respective figures. The river \'las 
divided into reaches as described in Section 5.1. Total weight of 
remaining dye on a given day was calculated by multiplying the volume of 
each reach by the dye concentration in the reach at slack water before 
flood and summing over all reaches. 
1975 
Data October 15 October 16 October 17 
Remaining dye in 250 1 b. 113 lb. 52 1 b. 
the Piankatank River ( 113 kg) {51 kg) ( 24 kg) 
Flushing rate 0.794 (1/day) 0.776 (1/day) 
y Average 0.785 (1/day) 
15 
Assuming flushing was the only mechanism that caused the loss of dye 
from the Piankaiank River. The flushing rate, y, was estimated from 
~he relationship. 
C = C e-yt 
0 or 
1 c Y = -- .Q.n-
t co 
where C is the concentration of dye and C0 is its initial value. 
It should be noted that dye must have been lost to the river 
bottom or marsh areas on river banks. In fact. visual observation bv 
field crews during intensi.ve hydrographic survey reported that the 
water of the Piankatank River had a much higher turbidity than most of 
other Virginia estuaries. Because of the high rates of dye loss, either 
by adsorption or flushing, and because of oncertainties involved in 
quantifying these loss rates, the results of the dye study are not 
pertinent to the calibration of the model. 
Appendix D shows the cross-sectional profiles of the eleven 
transects. These prof11 es \'Jere constructed from bathymetric data, 
corrected to mean tide level according to the tide tables and time 
of sounding. Longitudinal distance from the mouth of the river was 
determined from a National Ocean Survey (NOS) Navi~~tion Chart, (NOAA, 
: ......... 
1971 ) . . :--~;2;; 
..... ~· .. 
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5. MATHEMATICAL MODEL STUDY 
The one dimensional estuarine water quality model, developed 
under the CSA program, was employed to study the water quality in the 
Piankatank River. The model is based on the equation describing the 
mass balance of the dissolved or suspended substances in a water body. 
It is a real time, intra-tidal model using the implicit finite difference 
scheme. The model has been used to study the water quality of the major 
tidal rivers of Virginia. For the description of the theory and the 
numerical structure of the model, the reader is referred to the work 
by Kuo, et al. (1975). 
5.1 Segmentation of the River 
In order to facilitate the numerical computation, the 
first 15.3 mile reach of the river is divided into ten reaches as shown 
in Figure ·4.1. The locations of the model transects are chosen to 
.coincide with those of the field transects. The length of each reach 
is obtained by measuring along the navigable course in the C&GS 534 
(1971). The geometric parameters of the transects were obtained by 
interpolating the field data of the eleven bathyme~ric profiles. Figure 
4.2 shows the MTL (mean tide lev~l) cross-sectional area of the transects 
as a function of distance from the river mouth. 
5.2 Point Sources of Pollutants 
Other than Rappahannock Community College (Glenns), which 
discharges less than 10 lb (4.5 kg) of BOD into Dragon Run, there is no 
known point source of pollutants. This point source of pollutants is 
believed to have little effect on the \'later quality of the river and 
was ignored in the model study. 
17 
The Islander Motel and t\'JO campgrounds on G~1ynn•s Island, 
plus another two campgrounds near Saluda in Middlesex County and Cash 
in Gloucester County, are all reportedly served by septic systems v1hich 
were also ignored in the model study. 
5.3 Model Calibration and Results 
The field data collected during the intensive field survey 
on July 9-10, 1975 were used for model calibration. The summary of the 
results of intensive field water quality survey is presented in Appendix 
B. The cross-sectional average tidal currents were calculated from tidal 
volumes given by Cronin (1971, p. 123), by assuming the simple sine curve 
tide. These tidal currents data were then used as hydrographical input 
data to the model to simulate tidal advection. Since there is no fresh-
. * f water discharge information for the Piankatank R1ver, a reshwater dis-
charge is deduced by comparison with the Rappahannock River and assuming 
the same runoff per unit drainage area. Thus: 
Upstream Drainage Area Freshwater Discharge 
October 7, 1975 
Rappahannock River 1,596 m/ (4134 km2) 941 cfs (26m3/sec) 
Pianka tank River 114 m/ (295 km2) 114 ( 159-6)( 941 ) ~ 67 cfs 
(1.9 m3/sec) 
on 
Therefore a freshwater discharge of 67 cfs (1.9 m3/sec) at the upstream 
end is used for the model calibration run. A Manning friction coefficient 
of 0.03 is used. 
* . There 1s a gage far up on the Dragon Run above Saluda, but the data after 
October 1975 has not yet been published. The infonnation about Rappahannock 
River was obtained from USGS by private communication. 
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The dispersion coefficient was first to be calibrated. An 
optimum dispersion coefficient was determined when the model output of 
·~alinity distribution agreed best with the field data. Figure S.l shows 
the comparison. In this case a dispersion coefficient factor AK = 5.0 
is used in the model. ·The weighting factor for advection is D.5 for 
salinity. 
The DO, CBOD and NBOD field data of the same da-ys were then 
used to calibrate the weighting factors for the advection and the decay 
rates of CBOD, NBOD, and DO. Figures 5.2 - 5.4 show the field data and 
the model results. The dispersion coefficient determined previously from 
the salinity calibration is used as the dispersion coefficients of CBOD, 
NBOO and DO. The weighting factor for advection is 0.7 for CBOD, NBOD 
and DO, and the decay rates of CBOD and NBOD are 0.1 and 0.05 1/day 
respectively. 
The non-point source contribution of the CBOD and NBOD were 
calibrated to be 1.8 and 1.75 mg/~ respectively. In all of the model 
calibration runs, the CBOD and NBOD concentrations of fresh water were 
assumed to be 1.0 mg/~ and salinity 0.1 ppt. The boundary conditions 
of the variables were assumed to be the time average values of the field 
data at boundary stations. The following values were used at boundaries: 
CBOO (mg/~) 
NBOD (mg/.9v) 
·DO (mg/~) 
Salinity (ppt) 
At Upstream 
3.08 
2.30 
5. 72 
. 
10. 51 
At Downstream (river mouth) 
2.79 
1.92 
7.04 
14.16 
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Figure 5.1. Longitudinal distribution of salinity, July 9-10, 1975. 
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The benthic DO demand and the photosynthesis-respiration were signficant 
and varied spatially. The values of the benthic DO demand sho\'m below 
~ere chosen according to the field observation (Table 8.10) and the 
values of photosynthesis-respiration shown below ~ere the resu1t of 
the cal ibra ti on. 
Distance upstream mile 0.00 5.2 12.3 
from river mouth km 0.00 8.4 19.8 
Model Reaches ' '1 12 I 3 4 J 5 6 I 7 I 8 9 110 
Benthic Qemand 1.6 1.2 (gm-DO/m2jday) 
Photosynthesis-
Respirat~on 3.9 3.4 2.5 2.2 
(gm-DO/m /day) 
It should be noted that in Figure 5.2 there is a rapid drop of DO of the 
field data between miles 4 and 5 (or kilometers 6 and 8). The exact 
reason for this drop is unknown. However, one factor may be due to the 
Stove Point Neck and the Gwynn Islands which block the upstream of the 
Piankatank River from the actions of wind and wave from Chesapeake Bay 
that inhibit reaeration, and the flushing of the sediments that increase 
benthic DO demand. 
5.4 Sensitivity Analysis 
Two sensitivity analyses \<Jere made by independently varying 
either the dispersion coefficient or the BOD decay rates while maintaining 
all other input data unchanged. 
Figures 5.5- 5.8 show the small effects of the dispersion 
coefficient on the distributions of salinity; CBOD, NBOD and DO. The low 
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. sensitivity to the dispersion coefficient is due to the fact that the 
longitudinal concentration gradient is small such t~at the dispersive 
. . . 
transport is dominated by the advective transport.~:Not~~e that trans-
,. 
port by high concentration gradient of DO near the Stove Point Neck 
(Fig. 5.2) is complicated and it is diminished by the adverse mean flow 
transport. Figures 5.9 - 5.11 show the simulated CBOD, NBOD and DO 
profiles based on different BOD decay rates. The figures illustrate 
higher sensitivity to the BOD decay rates, which indicate the decay rates 
have a considerable effect on the BOD and DO distributions. 
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APPENDIX A. THE ESTUARY NUMBER 
. ,':) An estuary number E0, defined by Harleman and Ippen (1967), 
is a dimensionless indicator of the degree of mixing in an estuary and 
is expressed as 
where Pt = tidal prism (volume of sea water entering the estuary on 
the flood tide). 
F = 
uo 
Froude Number = ---=---- , where U0 is the maximum flood Jg~P h 
p 
tide velocity at the ocean entrance and h is the mean depth 
of the estuary and ~p0 = fresh-water density difference 
p 
Qf = rate of freshwater inflow 
T = tidal period. 
The smaller value of Eo indicates a more stratified condition and 
contrariwise. According to Harleman and Ippen (1967) the mixing condition 
of an estuary varies from the most stratified to the most well-mixed as 
E0 ~ 1 to 14. 
and 
For the Piankatank River, we estimate from Cronin (1971) 
pt ~ 18.6 X 106m3 = 6.57 X 108ft3 
(6.57 X 108)n 
(154320)(12.4 x 3600) = 0· 30 fps 
F = 0.3 
J(32.2)(0.01)(11.5) 
Qf ~ 67 cfs 
T ~ 12.4 hr. 
= 0.16 
34 
\'/here A = the cross-sectional area of an estuary at the ocean or bay 
entrance. We obtain the estuary number E0 ~ 5.6 which indicates a 
partially-mixed condition with tendencies towards a well-mixed or 
highly stratified condition depending on the freshwater discharge Qf. 
Being nondimensional, E0 is the same when calculated in 
metric units. 
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Appendix B 
Graphical and Tabular Summary of vJater Quality Data 
,';.i-.,)"_, 
.. ::."';·• 
36 
(Jo) 
<un1 PJvdwa 1 ('6/6Ul) 
co lD <::T ua5t\xo pafllOSS~O 
N N N 
r I I co I"-- lD 1.1") <::T M N 
I 
• 0 <I ... Dl 
0 
• 0 
-
0 
<I ... [II co 1.1") 
r- I"--
Q) 
• 0 
<I ... D 0~ 
!.... 
-
::I • 0 <I ... 0 
+-'<l ... 
• 0 
<I 
rO 
... ID Q) 
-
0 !.... 
!.... 
• 0 Q) <I ... 
0 r- ::I 
0 +-' 
0. • 0 <I ... 0 0 >, rO E -
Q) • 0 <I ... 0 
N .-- !.... 
r- ::I Q) 
1-
• 0 
<1 ... 0 • "":) 0. 
• 0 <1 ... D I -
E 
Q) 
• 0 <l ... • 0 
+-' 1.1") 
I"--
0 • 0 <1 ... a• ~m 0 D I 0 >,.--
• 0 <1 ... a • 
+-' 
-
0 
•o <1 ... a • 
lD c: 0 
0 ·.- r-
•o <I ... D I -
r- I 
m m 
>, eo <1 ... I D 
+-' 
Vl 
.0 <1 ... 0 - >, 4- r-
c: 
.- 0 • 
.o <I ... a 
0 ::I 
i- .. 
0 "":) 
~ .o 
<1 ... - 0 c: 
•o <I ... • 
0 0 c: 
0 ·.- 0 
"' 
<I'll D • 
-
+-' 
rO c: 
•" 
<I ... 0 • •.- Q) 
•o <I ... • -
!.... Ol 
rO >, 
Q) 0 • <I ... 
u E 
> X 
rO 0 • 0 <I ... 
0 • 0 0 
4- +-' • 0 <I ... II 
0 1.1") ..c: 
!....+> 
co I"-- -1-> -o 
::I 0 • 0 <I ... a 
0~ 0. <lJ 
OJ> 
V> ro -
• 0 <I ... 0 
-or-
0 
a • m 0 -o Vl C:Vl 
• 0 <I ... D • >, ro·.-
• 0 <I ... 
0 
-o 
0 ::l Q) 
• 0 <I ... D • 
No-:> E-o 
·.- c: 
• 0 
0 
<I ... • r ,r'1~;~~ ";.. 
-
>:\, 
• 0 <1 ... 
(jl .. ; ~ ' 
0 -·;;- ,", -~ 
• 0 <I ... 
Q) 
• 0 
<I .. • a 
.-- 0 en 
•.- 0 .<1 ... D • • 
0 
" :.'<: -
• 0 
<1 ... • 
lD Q) 
0 !.... 
I I I I I I I I I I ::l Ol 
·.-
1.1") <::T M N ....... 0 m co I"-- lD 1.1") <::T M N l.J_ 
....... ....... 
....... ....... 
(~dd) t\HU~ lPS 
' 
Mile 3.30 Surface Salinity Bottom o • 
15 
14 ~· ' ••••• ' : : • ' : !! ~ 
13 
12 L 
11 AA6ilt:.t:.AAt>6d ~tiiAAAAAA.lAAA.l 
D.O. 
" 
• 
Temperature 
b 
A 
• e 
e e~ ~ e : : • o ~ . ~ 
0 
6 b 6 
6 6/i 6 6 6 6 6 6 
A AA A .l A .l i .l 
·A 
-::;:;- 10 .l .l .l 
a. 
a. 
" 
" " 9 •" .. .. .. >, 
" +-' 8 
" 
•r-
" " r:: • . ,_ • " .. 
" " • r-- 7 " " " " " " ., " 
" 
• 
" V'l . " Iii • • • 6 
" "' Iii • 
• • 
: t .. . .. • • • • • • 
• 
: t I I • • I I I I I I I I I I I I I I I I ! 
0600 1200 1800 0000 0600 1200 1800 
July 9, 1975 July 10, 1975 
Figure B.2. Time and depth variation of salinity, temperature and 
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Figure 8.6. Time and depth variation of salinity, temperature and 
dissolved oxygen on July 9-10, 1975. 
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Table B.l.l Water Quality Data of Station Hile 0.00, 
July 9, 05.5 thru July 10, 18.5, 1975. 
(In each space below, the first and the second row present 
resEectively the values of the surface and the bottom of the river) 
Time Water Water Salinity DO BODs BOD Total Fecal 
Date Conductivi~y Temperature Coliform Coliform 
Hour mmhos/cm oc EEt rng/9- rng/9- rng/9- HPN/lOOm£ ~fPX/lOOm£ 
09/07/75 23.29 26.15 13.73 7.7 1.96 2.0 
05.5 23.65 25.25 14.24 6.7 2.55 
23.34 26.15 13.76 8.9 2.87 
08.5 23.71 25.24 14.28 7.5 2.74 7.8 
23.69 26.98 13.74 9.2 4.04 2.0 2.0 
11.5 23.60 25.41 14.16 6.5 1.64 11.0 
13.91 9.0 3.37 
14.5 - - - - -
23.72 26.67 13.85 7.2 2.00 - - .::.. N 
17.7 23.65 25.30 14.23 7.3 2.16 
23.67 26.59 13.84 
20.0 23.61 25.43 14.16 6.9 2.38 
23.66 26.31 13.92 8.5 2.21 
23.0 23.69 25.61 14.16 6.1 1.96 
10/07/75 23.63 26.29 13.91 7.2 2.35 
02.0 23.70 25.65 14.15 5.8 4.28 
23.50 26.09 13.88 6.4 1.38 
06.0 23.78 25.67 14.20 6.1 1.14 
23.67 25.82 14.08 7.2 1.43 7.8EO 
09.5 23.91 25.27 14.41 6.8 0.91 2.0EO 
24.08 26.80 14.04 8.0 1. 81 
12.5 24.71 24.52 15.81 5.7 1.60 7. 9E1 1.8EO 
23.99 26.24 14.15 8.3 1.86 3.3E2 
15.5 24.52 24.96 14.91 4.9 1.10 1.3E3 
23.97 26.05 14.20 8.6 2.50 7.8EO 
18.5 24.60 24.52 15.11 8.4 2.27 4. 9E2 
Table B.l.2 Water Quality Data of Station Mile 0.00, July 9, 05.5 
thru July 10, 18.5, 1975. 
(In each space below, the first and the second row present 
respectiyely the values of the surface and the bottom of the river) 
Time 
Date 
Hour 
Ammonia TKN Nitrite Nitrate Total Inorg. Sol. Reactive Total Chlorophyll 
09/07/75 
05.5 
08.5 
11.5 
14.5 
17.7 
20.0 
23.0 
10/07/75 
02.0 
06.0 
09.5 
12.5 
15.5 
18.5 
Nitrogen Nitrogen Nitrogen Nitrogen Phosphorus Phosphorus 
mg/£ ~_mgl_£ _ _jlg-<~1£ __ )l_g-aL&__llg_-?/9,_ _ ___ ]lg-a/£ ]lg-a/9, 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0:1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0.4 
0.3 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.5 
0.4 
0.4 
0.3 
0.3 
0.3 
0.2 
0.3 
0.2 
0.3 
0.2 
--~ :f;~ ~ 
-* 10.75 
10.75 
10.71-
lO. 71-
10.71 
10.71-
10.71-
10.71-
10.71 
10.71-
10.71 
10.71 
10.71 
10.71 
10.71 
10.71-. 
10.71 
1o.1r 
10.71 
10.71-
10.71 
10.71-
10.71 
10.71-
10.71-
10.71-
-* 3.23 
3.2r 
3.23 
3.2r 
3.23 
3.2r 
3.23 
3.2r 
3.23 
3.2r 
3.2r 
3.2r 
3.2r 
3.2r 
. 3.23 
3.2T 
3.23 
3.2T 
3.23 
3.23 
3.23 
3.23-
3.2T 
3.23-
3.23 
3.23-
-* 3.23 
3.23-
3.23 
J.2r 
3.2r 
3.2r 
3.23 
3.2r 
3.23 
3.2r 
3.23 
3.2r 
3.23 
3.2T 
3.23 
3.2T 
3.23 
3.2r 
3.23 
3.23-
3.23 
3.23-
3.23 
3.2r 
3.23-
3.23-
* The detection limits in laboratory procedures are 0.1 mg/£ or 3.23 )lg-a/£ for total phosphorus and 
phosphorus, 0.1 mg/£ as N or 7.14 11g-a/Z for ammonia and 0.05 mg/£ as N or 3.57 ~g-a/£ for nitrite. 
minus sign in 10.75- and 3.23- indicates that the values are below the detection limits. 
~ 
'a' 
ug/£ 
10.30 
13.70 
9.87 
7.75 
6.86 
-
7.63 
11.30 
7.11 
7.11 
10.70 
4.78 
8.00 
9.70 
10.40 
8.90 
8.76 
8.38 
9.22 
7. !•0 
6.90 
11.50 
or tho 
The 
..:::. 
w 
Table B.2.1. Water Quality Data of Station Hile 3.30, 
July 9, 05.0 thru July 10, 18.0, 1975. 
(In each space below, the first and the second row present 
resEectively the values of the surface and the bottom of the river) 
Time Water Water Salinity DO BODs BOD Total Fecal 
Date Conductivity Temperature Coliform Coliform 
Hour mmhos/crn2 oc EEt rng/9. rng/9. rng/9. HPN/lOOrn£ HPN/lOOm£ 
09/07/75 23.ll 25.51 13.81 5.8 1.15 2.0EO 
05.0 23.19 25.26 13.94 6.5 1.65 2.0EO 
23.32 25.80 13.86 6.2 1. 79 
08.0 23.29 25.40 13.96 6.1 2.68 4.5EO 
23.50 26.14 13.87 7.7 2.40 1.8EO 
11.0 23.34 25.40 13.99 4.5 1.29 
·23.53 26.24 13.86 6.9 2.07 
14.0 23.44 25.34 14.08 6.4 1.94 
23.59 26.23 13.90 6.6 1. 75 
17 .o 23.44 25.37 13.80 5.7 1. 76 - - .+:>. 
.+:>. 
10/07/75 23.58 26.15 13.92 6.6 2.17 
06.4 23.40 25.51 14.00 4.8 1.46 
23.68 26.36 13.92 6.9 1. 76 2.0EO 
09.0 23.45 25.63 13.99 3.0 0.94 1.7E1 
23.76 25.96 14.09 8.7 2.88 3.3E3 
12.0 23.51 25.66 14.02 7.5 1.95 1.1E3 
24.71 26.82 14.09 9.1 1.42 4.9El 
18.0 23.49 24.96 14.23 8.9 1.63 3.3El 
Time 
Date 
Hour 
09/07/75 
05.0 
08.0 
11.0 
14.0 
17.0 
10/07/75 
06.4 
09.0 
12.0 
18.0 
Table B2.2. Water Quality Data of Station Mile 3.30, July 9, 05.0' 
thru July 10, 18.0, 1975. 
(In each space below, the first and the second row present 
resp_ectively the values of the surface and the bottom of the river) 
Ammonia TKN Nitrite Nitrate Total Inorg. Sol. Reactive Total Chlorophyll 
Nitrogen Nitrogen Nitrogen Nitrogen Phosphorus Phosphorus 'a' 
mg/~ mg/~ vg-a/~ ~g-a/~ ~g-a/~ ~g-a/~ ~g-a/£ ~g/t 
0.1 0.5 10.71-* 3.23-* 3.23-* 9.10 
0.1 0.4 10.71- 3.23- 3.23- 9.00 
0.1 0.7 10.71 - 3.23 - 3.23 - 9.50 
0.1 0.5 10.71 - 3. 23- 3.23- 9.00 
0.1 0.6 -10.71 -3.23 3. 23- 15.70 
-0.1 0.5 10.71 3.23 - 3.23- 5.94 
0.1 0.4 10.71 - 3.23- 3.23- 7.31 
0.1 0.4 -10.71 3.23- 3.23- 9.38 
0.1 0.5 10.71 - 3.23 - 3.23 - 8.30 
0.1 0.4 10.71 - 3.23- 3.23- -
0.1 0.4 10.71- 3.23 - 3. 23-
0.1 0.4 10.71- 3.23- 3.23- 7.35 
. 
-0.1 0.3 10.71- 3. 23- 3.23 12.60 
0.1 0.3 10.71- 3.23 - 3. 23- 8.50 
0.1 0.3 10.71- 3.23- 3.23 - 10.50 
0.1 0.3 10.71- 3.23- 3.23- 10.90 
0.1 0.3 10.71- 3.23- 3.23 10.90 
0.1 0.3 10.71- 3.23- 3. 23- 6.32 
* See footnote in Table B.1.2. 
.;:,. 
<.n 
Table B. 3 .1. Water Quality Data of Station Mile 5.20, 
July 9, ·os.4 thru July 10, 18.4, 1975. 
(In each space below, the first and the second row present 
res2ectively the values of the surface and the bottom of the river) 
Time Water Water Salinity DO BODS BOD Total Fecal 
Date Conductivity Temperature Coliform Coliform 
Hour mmhos/cm2 oc EEt mg/9. mg/9, mg/9, HPN/100m9. HPN/100m9. 
09/07/75 22.81 26.42 13.34 6.4 0.86 7 .8EO 
05.4 23.17 25.64 13.81 3.7 0.36 7.8EO 
23.45 26.50 13.73 7.6 1.61 1.4E1 
08.5 23.40 26.76 13.92 3.2 0.14 2.3E1 
23.75 27.35 13.67 7.9 2.14 1.8EO 
11.5 23.17 25.60 13.82 7.6 2.22 4 .5EO 
23.36 27.73 13.31 7.9 2.61 
17.2 23.42 25.82 13.91 3.6 1.46 
10/07/75 23.06 26.65 13.44 5.1 1.91 ..;:. 
06.3 23.44 26.27 13.79 4.5 2.05 - - C) 
23.45 26.82 13.63 5.7 0.44 1.3E1 4.5EO 
09.3 23.48 26.17 13.85 3.7 1.17 7.8EO 
23.51 27.53 13.46 7.1 1.87 2.2E1 2.0EO 
12.5 23.50 26.37 13.80 6.4 3.59 7.8EO 
23.53 27.60 13.46 7.0 2.78 
14.6 23.45 26.00 13.88 3.9 0.53 
26.35 - 6.9 1.18 1.1E1 
15.7 - 26.00 - 4.6 1.19 2.0EO 
24.95 29.20 13.87 4.1 - 2.3E2 7.8EO 
18.4 24.85 27.62 14.28 2.4 0.38 1.3E2 7.8EO 
Table B.3.2. Water Quality Data of Station Mile 5.20, July 9, 05.4 
thru July 10, 18.4, 1975. 
(In each space below, the first and the second row present 
respectively the valu~s of the surface and the bottom of the river) 
Time Ammonia TKN Nitrite Nitrate Total Inorg. Sol. Reactive Total Chlorophyll 
Date Nitrogen Nitrogen Nitrogen Nitrogen Phosphorus Phosphorus 'a' 
Hour ----~- m_Ef£_ -~--mg/£ Wg-a[&_ __ Wg-a/ £ wg-_<!_1~£_- --~--Wg-_iJ./£ _jl_g_--at wg/.9.. 
09/07/75 0.1 0.3 10.71-* 3.23-* 3.23-* 6.62 
05.4 0.1 0.3 10.71- 3.23- 3.23- 7.25 
0.1 0.3 
08.5 0.1 0.3 
0.1 0.6 
11.5 0.1 0.8 
0.1 0.5 
17.2 0.1 0.5 
10/07/75 0.1 0.4 
06.3 0.1 0.4 
0.1 0.3 
09.3 0.1 0.2 
0.1 0.2 
12.5 0.1 0.2 
0.1 0.5 
14.6 0.1 0.5 
0.1 0.2 
15.7 0.1 0.2 
0.1 0.3 
18.4 0.1 0.3 
* See footnote in Table B.1.2 . 
. 
~ 
10.71 
10.71-
10.71 -
10. 7C 
10.71-
10.71-
-10.71 
10.71-
10.71-
10.71-
10.71-
-10.71 
~ 10.71 
-10.71 
10.71-
-
-' 10.71 
10.71 -
-10.71 
3.23 - 3.23 - 9.16 
3.2r 3.2r 7.65 
3.23- 3.23- 10.90 
3.2r 3.2r 
3.23- 3.23- 13.60 
3.2r 3.23- 7.70 
3.23- 3.23- 8.38 
3.23- 3.23- 6.09 
3.23- 3.23- 12.00 
3.23- 3.23- 8.70 
3.23- 3.2r 7.18 
3.23- 3.23- 7.80 
3.23 3.23 8.31 
-3.23 3.23- 12.30 
3.23- 3.23- 9.20 
- -3.23 3.23 22.90 
3.23- 3.23 - 8.70 
- -3.23 3.23 10.90 
.:::::. 
'-.I 
Table B. 4 .1. l-later Quality Data of Station Mile 10.10, 
July 9, 05.0 thru July 10, 18.0, 1975. 
(In each space below, the first and the second row present 
resEectively the values of the surface and the bottom of the river) 
Time Water Water Salinity DO BODS BOD Total Fecal 
Date Conductivity Temperature Coliform Coliform 
HO!JI: mmhos/cm2 oc EEt mg/9v mg/9v mg/9v HPN/100m9v NPN/100m9v 
09/07/75 21.20 26.27 12.36 5.4 0.85 3.3£1 2.0EO 
05.0 22.42 25.92 13.24 3.7 1.45 4.9E1 
21.70 26.60 12.59 5.8 1.28 4.9El 4.5EO 
08.0 21.77 26.26 12.73 4.1 0.91 1. 7E1 1.3E1 
22.00 26.80 12.72 4.4 0.07 
11.1 22.65 26.05 13.35 3.2 - 1.1El 4.5EO 
. 
20.66 26.49 11.96 6.3 2.26 
14.0 20.53 26.14 11.97 3.7 1.68 
21.85 27.76 12.37 7.1 2.90 ~ 
17 .o 22.54 26.25 13.22 5.4 2.89 - - co 
22.06 - - 6.9 4.57 
20.0 26.47 - - 4.5 1.91 
22.58 27.24 12.96 7.0 2.52 
23.0 22.82 22.74 14.49 5.2 1. 97 
10/07/75 22.19 26.81 12.84 5.1 2.23 
02.0 
21.46 26.86 12.37 6.0 2.20 
06.0 22.39 26.86 12.95 5.3 1. 79 
21.86 27.15 12.54 5.7 1.45 7 .9E1 4.5EO 
09.0 22.94 26.75 13.33 4.5 0.75 1.4El 
22.54 27.65 12.83 6.9 2.65 1.7El 4.0EO 
12.0 22.95 26.78 13.33 4.0 0.87 2. 2El 7 .8EO 
6.1 0.73 2.2El 1.3El 
15.0 - - - 3.1 1. 65 2.2El 2 .OEO 
22.97 29.28 12.65 7.2 1.44 4. 9E2 2.3El 
18.0 23.90 28.03 13.56 5.1 1.50 6.-Hl 7 .8EO 
Time 
Date 
Hour 
09/07/75 
05.0 
08.0. 
11.1 
14.0 
17.0 
20.0 
23.0 
10/07/75 
02.0 
06.0 
09.0 
12.0 
15.0 
18.0 
* 
Table B.4.2. Water Quality Data of Station Mile 10.10, July 9, 05.0 
thru July 10, 18.0, 1975. 
(In each space below, the first and the second row present 
respectively the values of the surface and the bottom of the river) 
Aro~onia TKN Nitrite Nitrate Total Inorg. Sol. Reactive Total Chlorophyll 
Nitrogen Nitrogen Nitrogen Nitrogen Phosphorus Phosphorus 'a' 
mg[L mg/9., lJg-a/9., lJg-a/.Q,_ _ ___ld_g-CJ./X __ )Jg-a/9., _lJg-CJ./9.. ___ _jJg/£ 
-·f< -* -* 0.1 • 0.3 10.71_ 3.23 3.23 9.45 
0.1 0.5 10.71 3.23- 3.23- 11.80 
0.1 
0.1 
0.1 
0.1 
(}.1 
0.1 
0.1 
0.1 
0.1 
0.1 
. 0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.4 
0.4 
0.6 
0.4 
0.5 
0.5 
0.4 
o.s 
0.5 
0.4 
0.4 
0.4 
0.5 
0.4 
0.5 
0.6 
0.2 
0.1 
0.2 
0.2 
0.3 
0.1 
0.2 
0.2 
10.71-
10.7C 
10.71-
10.71-
10.71 
10.71-
10.71 
10.71 
10.71-
10.71 
10.71 
10.71 
10.71 
10.71 
10.71 
10.71 
10.71 
10.71 
10.71 
10.71 
10.71 
10. 71-
10.71 
10.71 
3.23-
3.23-
3.23-
3.23-
3.23-
3.23-
3.23-
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 
3.23-
3.23-
3.23 
3.23 
3.23-
3.23-
3.23-
3.23 
3.23-
3.23-
3.23 
3.23-
3.23-
3.23-
3.23-
3.23-
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 
3.2r 
3.23 
3.23 
9.50 
7.38 
24.20 
18.00 
15.40 
10.50 
11.90 
10.SO 
11.30 
15.10 
12.60 
10.30 
16.80 
12.80 
11. so 
14.10 
10. so 
19.50 
22.40 
19.00 
14.20 
8.86 
15.90 
See footnote in Table B.1.2. 
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Table B.5.1. Water Quality Data of Station Mile 12.30, ,, 
July 9, 05.0 thru July 10, 18.2, 1975. c 
(In each space belo~, the first and the second row present 
respectively the values of the surface and the bottom of the river) 
Time Water Water Salinity DO BODS BOD Total Fecal 
Date Conductivity Temperature Coliform Coliform 
Hour mmhos/cm2 oc EEt mg/9- mg/9- mg/9- HPN/lOOm£ HPN/lOOrn£ 
09/07/75 19.11 26.61 10.96 4.7 0.74 1. 7E2 3.3El 
05.0 21.08 26.43 12.24 4.0 2.33 l.2E1 2.0EO 
19.93 26.58 11.48 5.1 1.23 1.1E1 
08.0 21.68 26.19 12. 69. 3.1 0. 71 - 2.0EO 
20.77 27.34 11.81 4.2 0.10 1.1E2 3.1E1 
11.0 21.53 26.19 12.59 3.1 0.25 1.3E1 7.8EO 
. 21. 31 28.5 11.96 6.3 1. 59 ... 
14.0 20.42 26.24 11.87 3.8 1.19 
10/07/75 20.29 27.11 11.56 5.0 1.69 
06.3 20.87 27.06 . 11. 94· 4.8 2.03 - - U1 0 
20.32 - ;1i. 55 4.8 0.39 3.3E2 3.3El 
09.0 21.63 26.86 12.47 4.4 1. 33 9.5El 2.0E2 
20.73 27.13 11.84 6.5 2.39 4.9El 2 .. 0EO 
12.0 20.71 26.79 11.91 4.8 2.03 4. 9E1 4.0EO 
20.67 28.71 11.41 6.1 0.86 1. 3E2 2.2El 
15.0 27.36 27.02 12.26 4.8 0.39 1.7El 4.5EO 
19.66 29.06 10.73 4.3 - 2.7El 1.3El 
18.2 21.16 27.05 12.13 3.6 0.02 2.3El 4. SEO 
Time 
Date 
Hour 
09/07/75 
05.0 
08.0 
11.0 
14.0 
10/07/75 
06.3 
09.0 
12.0 
15.0 
18.2 
* 
Table B.5.2. Water Quality Data of Station Mile 12.30, July 9, 05.0 
thru July 10, 18.2, 1975. 
(In each space below, the first and the second row present 
respectively the values of the surface and the bottom of the river) 
Ammonia TKN Nitrite Nitrate Total Inorg. Sol. Reactive Total Chlorophyll 
Nitrogen Nitrogen Nitrogen Nitrogen Phosphorus Phosphorus 'a' 
mg/9, mg/9.. _ l-!g-a/i ~ ~~:-a/9.. --· _pg-a/_£ __ .__ __ )Jg:-a/9.. __ ll_g:-~/_2, l-!g/9.. 
-* -* -* 0.1 0.4 10.71 3.23 3.23 12.80 
0.1 0.4 10.71- 3.23~ 3.23-
0.1 
0.1 
0.1 
0.1 
0'.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.4 
0.4 
0.4 
0.3 
0.6 
0.5 
0.5 
0.5 
0.4 
0.3 
0.3 
0.3 
0.4 
0.3 
0.3 
0.3 
10.71 
10. 7C 
10.71 
10.71 
10.71 
10.71 
10.71 
10.71 
10.71 
10.71-
10.71 
10.71 
10.71 
10.71 
10.71 
10.71 
3.23-
3.23-
3.23-
3.2r 
3.2r 
3.23-
3.23-
3.23-
3.23-
3.23-
3.2r 
3.23-
3.23-
3.23-
3.2r 
3.23-
3.2r 
3.2r 
3.2r 
3.2r 
3.23-
3.2T 
3.2r 
3.2r 
3.23-
3.2T 
3.23-
3.2T 
3.2r 
3.2r 
3.23-
3.2r 
11.20 
14.40 
13.00 
15.35 
19.10 
22.50 
14.70 
17.20 
11.30 
14.60 
9.90 
18.70 
20.40 
13.20 
13.90 
16.70 
See footnote in Table B.l.2. 
t.., 
I-' 
Table B. 6 .1. Water Quality Data of Station Mile 15.30, 
July 9, 05.3 thru July 10, 18.0, 1975. 
(In each space below, the first and the second row present 
resEectively the values of the surface and the bottom of the river) 
Time Water Water Salinity DO BOD5 BOD Total Fecal Date Conductivity Temperature Coliform Coliform 
Hour mmhos/cm2 oc PEt rng/9., mg/£ rng/9., HPN/100m9., HPN/100m9., 
09/07/75 15.61 26.99 8.73 5.3 1.94 2.2E2 4 .9El 
05.3 17.31 27.12 9.74 5.2 3.29 1.1E2 1.3El 
17.36 26.92 9.81 4.4 0.54 2.2E2 2. 3El 
08.2 19.10 26.84 10.90 4.3 1. 50 1. 3El 
18.31 27.20 10.33 5.8 1. 75 4.9E2 4. 9El 
11.1 19.07 26.77 10.90 4.0 0.47 · 1. 3E2 1.3El 
17.12 28.96 9.25 6.0 2.34 
14.2 17.75 27.81 9.86 6.3 3.40 
17.86 28.30 9.82 7.6 3.22 (.,., 
20.0 19.25 27.73 10.78 6.9 3.20 - N 
18.85 27.86 10.51 6.3 2.66 
23.0 19.50 27.76 10.93 6.3 2.63 
10/07/75 17.60 27.82 9.76 6.7 2.33 
02.3 18.25 27.89 10.14 6.2 2.61 
16.06 20.84 10.33 5.7 2.29 
06.0 16.82 27.78 9.30 5.7 2.86 
17.98 27.77 10.00 6.6 2. 66 . 2.3E2 l.lEl 
09.2 18.43 27.59 10.32 5.8 2.92 7.9El 1.7El 
17.4 7 28.46 9.56 7.1 2.93 7 .DEl 4. 9El 
12.1 19.36 27.46 10.91 4.8 2.01 7 .9El 1.3El 
16.87 29.65 8.97 4.3 1.11 4 .9E2 1.3E2 
15.2 17.97 28.38 9.87 5.9 1.12 1.4E2 3.3El 
15.91 29.50 8.45 7.7 2.15 4. 6E2 1. 3E2 
18.0 17.83 28.28 9.81 7.1 2.82 2. 3E2 4. 9El 
~ 
Table B.6.2. Water Quality Data of Station Mile 15.30, July 9, 05.3 
thru July 10, 18.0, 1975. 
(In each space below, .the first and the second row present 
respectively the values of the surface and the bottom of the river) 
Time Ammonia TKN Nitrite Nitrate Total Inorg. Sol. Reactive Total Chlorophyll 
Date Nitrogen Nitrogen Nitrogen Nitrogen Phosphorus Phosphorus 'a' 
Hour mg/9. mgfl,_____ l.Ig-Cl./£ _ . ]Jg-a/£ ]Jg-a/t ]Jg-a/£ ]..lg-a/9, _yg/X. 
09/07i15 
05.3 
08.2 
11.1 
14.2 
20.0 
23.0 
10/07/75 
02.3 
06.0 
09.2 
12.1 
15.2 
18.0 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.4 
0.5 
0.4 
0.5 
0.4 
0.3 
0.4 
0.4 
0.5 
0.5 
0.5 
0.6 
0.5 
0.5 
0.6 
0.6 
0.4 
0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.4 
* See footnote in Table B.l.2. 
10. n-* 
10.71-
10.71 
10.71-
10.71 
10.71-
10.71 
10.71-
10.71 
10.71-
10.71 
10.1r 
10.71 
10.1r 
10.71 
10.71-
10.71 
1o.7r 
10.71 
10.71-
10.71 
10.71-
10.71 
10.71-
3.23-* 
3.2r 
3.23 
3.23-
3.23 
3.2r 
3.2r 
3.2r 
3.23 
3.2r 
3.23 
3.2r 
3.23 
3.2r 
3.2r 
3.2r 
3.2T 
3.2T 
3.23 
3.2T 
3.23 
3.2T 
3.23 
3.2T 
3.2r* 
3.2r 
3.23 
3.23-
3.23 
3.2r 
3.23 
3.2r 
3.23 
9. yo-
3.2r 
3.2r 
3.2r 
3.2r 
3.23 
3.2r 
3.23 
3.2T 
3.23 
3.2T 
3.2T 
3.2T 
3.23 
3.2T 
9.22 
12.70 
21.20 
26.00 
19.60 
17.90 
19.80 
14.10 
15.00 
18.50 
13.60 
15.20 
13.60 
13.80 
15.60 
16.40 
23.60 
23.90 
12.30 
20.50 
16.80 
18.30 
32.00 
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Table B. 7 .1. Water Quality Data of High Water Slack, 
10.3 thru 12.5, June 10, 1975. 
(In each space below, the first and the second row present 
resEectively the values of the surface and the bottom of the river) 
Distance Water V:ater Salinity DO BODS BOD6 Total· Fecal from River Conductivity Temperature Coliform Coliform 
Mouth mmhos/cm2 oc EEt mg/!1., mg/!1., mg/!1., MPN/lOOm!l., MPX/lOOm!l., 
(O.O)(km) 20.60 23.40 12.77 6.8 3.13 
0.0 (mile2 20.57 23.34 12.76 6.9 2.97 
(2.4) . 20.34 23.01 12.70 6.4 3.61 
1.5 --~~- 20.2 7 22.97 12.67 7.7 4.15 
(5. 3) '--20. 78 23.95 12.73 7.9 2.51 
3.3 21.72 22.98 13.65 7.1 2.51 
. (8.4) 20.60 23.68 12.69 7.3 3.91 
15.2 22.26 22.77 14.09 - 0.59 
(11.4) 20.14 24.05 12.28 7.3 7.20 (J1 
7.1 21.49 23.06 13.47 3.5 2.65 "'-J 
(16.1) 19.40 24.11 11.77 7.2 3.19 
10.0 20.72 23.35 12.86 2.4 2.09 
(18. 8) 18.22 23.98 11.03 7.3 7.18 
11.7 19.78 23.90 12.08 2.9 2. 73 
(24. 6) 15.15 24.51 8.92 7.5 4.09 
15.3 15.71 23.64 9.42 5.9 4.31 
BOD6 is 6-day BOD 
Distance 
from River 
Houth 
(0.0) (km) 
0.0 (mile) 
(2.4} 
1.5 
--
(5. 3) 
3.3 
--
(8.4) 
5.2 
(11.4) 
7.1 
--
(16 .1) 
10.0 
(18. 8) 
11.7 
(24.6) 
15.3 
Table B.7.2 Water Quality Data of High Water Slack, 
10.3 thru 12.5, June 10, 1975. 
(In each space below, the first and the second row present 
respectively _tpe values of the surface and the bottom of the river) 
Ammonia Tf~~ Nitrite Nitrate Total Inorg. Sol. Reactive Total Chlorophyll 
Nitrogen Nitrogen Nitrogen Nitrogen Phosphorus Phosphorus 'a' 
mg/£ mg/£ l,Jg-a/£ }Jg::a/9.. l,Jg--a{g, ____ l,Jg-a/9" l,Jg-a/t 1-!g/.Q., 
1.87 
1.11 
--
0.47 
0.79 
-
0.65 
6.88 
--
6. 71 
0.90 
0. 76 
1.18 
--
1. 85 
1.94 
-
0.61 
0.82 
-
0.58 
1.04 
c..., 
c:> 
Table B. 8 .1. 1-Jater.Quality Data of High Water Slack, 
July 9, 09.7 thru 11.7, 1975. 
(In each space below, the first and the second row present 
resEectively the values of the surface and the bottom of the river)· 
Distance Water Water Salinity DO BODS BOD Total Fecal 
from River Conductivity Temperature Coliform Coliform 
Mouth mrohoslcm2 oc 12Et mg/9v mg/9v mg/9v HPN/lOOm.~ NPN/lOOm~ 
(O.O)(km) 23.60 26.48 13.83 8.9 3.67 6.8EO 
0.0 (mil~) 23.82 25.43 14.30 4.4 2.30 2.3E2 
(2. 4) 23.65 26.26 13.93 7.2 2.60 2.0EO 
1.5 23.48 25.47 14.06 4.0 1.63 2.0EO 
(5. 3) 23.62 26.39 13.87 7.0 2.14 4.5EO 
3.3 23.51 25.81 13.98 5.5 1.71 1. 8EO 
(8.4) 23.26 26.82 13.58 7.6 2.44 
5.2 23.31 25.70 13.88 3.7 0.73 6.8EO 
(11.4) 22.64 26.61 13.18 6.4 1.99 - 4.5EO U'1 
22.97 25.93 13.59 2.0EO 1.0 7.1 3.7 1.72 
(16.1) 21.70 26.74 12.55 7.8 4.41 ..... 2 .OEO 
10.0 22.63 25.99 13.35 4.2 1.29 4.5EO 2.0EO 
(18.8) 21.07 26.36 12.25 . 5.8 1.57 7. 9El 1.3E1 
11.7 21.56 26.17 12.62 4.1 1.31 2.3El 
(24.6) 17.43 27.86 9.65 7.7 2.47 1.3E2 3.3E1 
15.3 19.15 26.74 10.95 5.8 2.63 4.6El 2.3El 
Table B.8.2. Water Quality Data of High Water Slack, 
09.7 thru 11.7, June 10, 1975. 
(In each space below, the first and the second row present 
respectiyely the values of the surface and the bottom of the river) . 
Distance Ammonia TKN Nitrite Nitrate Total Inorg. Sol. Reactive Total Chlorophyll 
from River Nitrogen Nitrogen Nitrogen Nitrogen Phosphorus Phosphorus 'a' 
Hauth mg/'l mg/&_ __ _llg-a/9~ _ ~g-a/'l ~g-a/'l ].lg-a/'l ].lg-aj.Q. _____ ].lg/'l 
(O.O)(km) 0.1 0.6 10. 71-* 3.zr* 3.2r* 15.48 
0.0 {mile) 0.1 0.6 10.71- 3.23- 3.23- 15.48 
(2.4) 0.10 0.5 10.71- 3.2r 3.2r 15.48 
1.5 0.10 0.5 10. 7C 3.zr 3.2r 8.00 
(5. 3) 0.10 0.5 10.71- 3.2r 3.zr 11.20 
3.3 0.10 0.3 10.71- 3.2r 3.2r 9.45 
. 
(8.4) 0.10 0.4 10.71- 3.zr 3.2T 10.92 
5.2 0.10 0.3 10.71- 3.2T 3.zr 9.51 
(11.4) 0.1 0.4 10.71- 3.2r 3.2r 13.50 
7.1 0.10 0.3 10.71- 3.2r 3.2r 7.30 
( 16. 1) 0.10 0.4 10.1r 3.2r 3.2r 19.10 
10.0 0.1 0.4 10.71- 3.23- 3.2r 9.85 
(18.8) 0.1 0.3 10.71- 3.2r 3.2r 15.30 
11.7 0.10 0.3 10. 71- 3.23- 3.23-
(24.6) 0.1 0.4 10.71- 3.2r 3.2r 12.60 
15.3 0.1 0.4 10.71- 3.2r 3.23- 12.70 
* See footnote in Table B.1.2. 
0'1 
0 
Table B. 9 .1. Water Quality Data of Low Water Slack, 
July 10, 16.7 thru 18.2, 1975. 
(In each space below, the first and the second row present 
resEectively the values of the surface and the bottom of the river) 
Distance Water Water Salinity DO BODS BOD Total Fecal 
from River Conductivity Temperature Coliform Coliform 
Mouth mmhos/cm2 oc EEt mg/9- mg/9- mg/9- NPN/100mt HPN/lOOm£ 
(0. 0) (km) 24.10 27.00 13.99 8.4 1.92 2.0EO 
0.0 (mile) 24.76 25.51 14.89 4.1 3.56 7.8EO 
(2. 4) 24.56 28.18 . 13. 9.3 9.3 1. 73 
1.5 23.59 27.72 14.06 4.3 0.84 4 .SEO 1.8EO 
(5. 3) 23.90 27.82 13.62 7.6 0.80 
3.3 . 23.65 26.10 13.98 4.9 1.36 
(8.4) 23.53 27.83 13.39 7.0 1. 26 4.5EO 4.5EO 
5.2 23.37 26.04 13.82 3.9 0. 77 4.0EO 
(11.4) 23.08 29.96 12.54 6.5 1.09 3.3E1 1.8EO 0) 
...... 
7.1 22.87 26.66 13.31 5.5 1.19 4.5EO 2.0EO 
(16 .1) 22.08 27.91 12.18 7.1 1.72 1.1E1 7.8EO 
10.0 22.54 26.57 13.13 4.3 0.84 3. 3El 4 .. 9E1 
(18.8) 20.37 28.44 11.29 7.2 1.84 1.3El 2.2E1 
11.7 21.34 27.06 12.24 5.3 1.34 1. 7E1 4.5EO 
(24.6) 17.62 29.85 9.37 7.8 2.23 3.3E2 2.3E2 
15.3 18.01 28.40 9.89 6.9 3.14 
> --~ 
...... 
Table B.9.2. Water Quality Data of Low Water Slack, 
16.7 thru 18.2, July 10, 1975. 
(In each space below, the first and the second row present 
respectively the values of the surface and the bottom of the river) 
Distance Ammonia TKN Nitrite Nitrate Total Inorg. Sol. Reactive Total Chlorophyll 
from River Nitrogen Nitrogen Nitrogen Nitrogen Phosphorus Phosphorus 'a' 
Mouth mg/1 mg/1 ~g-a/1 ug-a/1 ~g-a/1 ug-a/1 Ug-a/1 ug/1 
(O.O)(km) 0.10 0.3 10. 71-~'< 3.2T* 3.2T* 7.52 
0.0 (mile) 0.10 0.3 10.71- 3.2T 3.2T 
(2. 4) 0.1 0.3 10. 71- 3.2T 3.2T 7.78 
1.5 0.1 0.3 10.71- 3.2T 3.2T 4.70 
(5. 3) 0.1 0.3 10.71- " 3.2T 3.2T 12.00 
3.3 0.10 0.3 10.71- 3.2T 3.2T 13.10 
(8.4) 0.1 0.3 10.71- 3.2T 3.2T 
• 
8.78 
5.2 0.1 0.3 10.71- 3.23- 3.2T ' 10.40 
·"'' (11.4) 0.1 0.3 10.71- 3.2T 3.2T . '8 98 
10.71-
,. . 
7.1 0.1 0.3 3.23- 3.23- '16. 20 
(16 .1) 10.71- 3.23- ._ ... 0.1 0.3 3.2T 
. ~:'3 .. 30 
10.0 0.1 0.2 10. 1r 3.23- 3.23- . ,, ''. ''·14. 80 
(18. 8) 0.1 0.2 10.71 3.23- .3.2T '> ~-. . ... 17.80 
11.7 0.1 0.2 10.71- 3.23- 3.2T "''j/•;o" 14 .1 0 
(24. 6) 0.1 0.3 1o.1r 3.23- 6.45- 13.40 
15.3 0.1 0.3 10.71- 3.23- 6.4.) 26.00 
* See footnote in Table B.l. 2. 
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Tabl.e B.lO. Observed Benthic DO Demand on June 26, 1975. 
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Figure C.3. Longitudinal distribution of dye concentration. 
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Appendix 0 
Cross-Sectional Profiles of the Transects 
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Figure 0.1. The cross-sectional orofiles of transects measured on 
July 1, 1975 at transect 0.0 mile (0.0 km). 
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Figure 0.2. The cross-sectional profiles of transects measured on 
J u 1 y 1 , 1 9 7 5 at 1 . 3 m i 1 e s ( 2 . 1 km) . 
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Figure 0.3. The cross-sectional orofiles of transects measured on Ju1v 1, 1975 
at 3.3 miles (5.3 km). • 
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Figure 0.4. The cross-sectional profiles of transects measured on July 1, 1975 
at 5.2 miles (7.4 km). 
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Figure 0.5. The cross-sectional profiles of transects measured on July 1, 1975 
at 7 . 1 mil e s ( 11 . 4 km) . 
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Figure 0.6. 
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The cross-sectional profiles of transects measured on July 1, 1975 
at 8.9 miles (14.3 km). 
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The cross-sectional orofi1es of transects measured on July 1, 1975 
at 10.1 miles (16.1 km). 
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The cross-sectional profiles of transects measured on July 1, 1975 
at 11.2 miles (18.0 km). 
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Figure 0.9. The cross-sectional profiles of transects measured on July 1, 1975 
at 12.3 miles (19.8 km). 
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Figure 0.10. 
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The cross-sectional profiles of transects measured on July 1, 1975 at 13.6 miles (21.9 km). 
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The cross-sectional orofiles of transects measured on Ju1v 1, 1975 
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